Habitat selection by small ( 15.0 mm carapace length (CL)) and large (. 15.0 mm CL) individuals of the crayfish, Orconectes marchandi, O. ozarkae, O. punctimanus, and Cambarus hubbsi was examined at 4 sites in 2 streams in the Spring River watershed. Replicate quadrat samples were collected from riffle, run, pool, emergent vegetation, stream margin, and backwater habitats during the summers of 1998 and 1999. A 3-factor ANOVA was used to determine effects of habitat, species, and year on crayfish density for each site and stream. Habitat selection by crayfish was determined by comparing habitat used to habitat available for each species and size class. There were significant temporal differences in habitat used by some species-size classes of crayfish, but significant species by habitat interactions were detected at all sites for both crayfish size classes. Small O. ozarkae and O. punctimanus used mainly vegetated habitat, whereas both size classes of C. hubbsi used mainly riffles and runs. Large individuals of Orconectes spp. and small O. marchandi were more broadly distributed across pools, backwaters, stream margins, and vegetated habitats. Selection indices showed that individuals of all small Orconectes species and large O. ozarkae and O. punctimanus strongly selected vegetated, backwater and stream margin habitats at all sites and times on both streams, even though these habitat types comprised only ;15% of the available habitat. Both size classes of C. hubbsi selected mainly riffle habitats. Redundancy analyses showed a significant positive relationship between crayfish densities and percent emergent vegetation and a negative relationship with current velocity and depth. Backwater, stream margin, and vegetated habitats can contain extremely high densities of crayfish and may act as important habitats, especially for Orconectes species.
INTRODUCTION
The occupation of habitats by crayfish can have important implications for stream communities. Crayfish typically have the greatest biomass among benthic invertebrates (Huryn and Wallace, 1987; Rabeni et al., 1995) and have been shown to act as keystone species by directly and indirectly influencing populations at several trophic levels in stream food webs (Momot, 1995) . For example, Hart (1992) and Creed (1994) independently showed that crayfish significantly affected the distribution of a macroalga, which subsequently affected diatom and benthic insect community composition and biomass. In another study, enclosureexclosure experiments showed multi-trophic level effects of crayfish on stream food webs in which crayfish significantly reduced total macroinvertebrate and grazer densities, which facilitated an increase in primary production (Charelbois and Lamberti, 1996) . Additionally, crayfish are an important component in energy transfer in stream food webs, consuming a disproportionate amount of animal matter compared to other benthic macroinvertebrates and processing as much coarse particulate organic matter (CPOM) as all other shredders combined (Whitledge and Rabeni, 1997) . Crayfish may also facilitate production of their most important invertebrate prey items by making CPOM more available to filtering-and gathering-collectors in the benthic community (Whitledge and Rabeni, 1997) .
Studies have shown differential habitat use and selection by crayfish based on species and age class. Rabeni (1985) showed that young of the year (YOY) and adult Orconectes punctimanus (Creaser, 1933) and O. luteus (Creaser, 1933) use habitats differently based on depth, current velocity, macrophyte density, and substrate size, which likely facilitates their co-existence. Creed (1994) found that O. propinquus (Girard, 1852) partitioned habitats based on size with small crayfish occupying shallow water and moving to deeper water as they became larger. Peterson et al. (1996) showed that along the Mississippi Gulf coast, Cambarellus shufeldtii (Faxon, 1884) utilized oxbow sidepond habitats that were more acidic and contained a lower density of emergent aquatic vegetation than did Cambarellus diminutus (Hobbs, 1945) . More recently, DiStefano et al. (2003a) examined habitat partitioning among YOY and adult O. luteus, O. ozarkae (Williams, 1952) , and O. punctimanus in two Missouri Ozark streams. They showed habitat partitioning among species and ontogenetic shifts in habitat use in O. luteus and O. ozarkae.
While some studies have demonstrated habitat selection among co-occurring crayfish species, patterns of crayfish habitat use and selection and the factors driving these patterns are not well known. Knowledge of crayfish habitat selection is key to understanding ecological community dynamics in streams as well as the successful conservation of the 51% of the 385 known crayfish species at risk in North America (Taylor et al., 1996; Lodge et al., 2000) . The objectives of our study were to: 1) identify differences in habitat use and selection among crayfish species and size classes, 2) determine the relative importance of environmental variables (current velocity, depth, substrate composition, and habitat complexity) related to habitat selection, and 3) determine the extent of spatial and temporal variation in habitat use and selection.
MATERIALS AND METHODS

Study Sites
Our study was conducted in the Spring River drainage in north central Arkansas and south central Missouri at each of two sites on the Warm Fork River (Lat: 368379150, Long: 918339000; Lat: 368329000, Long: 918329000) and Janes Creek (Lat: 368229000, Long: 918149000; Lat: 368189000, Long: 918149000). Both streams were third order at the study sites and ; 1 km of stream was sampled at each site. The streams are located in the Salem Plateau physiographic region of the Ozark Plateaus. Geology and soils in this area are Ordovician and diverse, consisting predominantly of medium textured, rapidly permeable dolomites, cherts, and limestone, which creates a karst topography (Adamski et al., 1995) .
The Warm Fork River drains 684 km 2 in Oregon Co., Missouri before entering the Spring River at the Arkansas-Missouri border. The Warm Fork River is a losing stream in the headwaters of the drainage, flowing above and below ground primarily through pastureland and oak-hickory (Quercus and Carya spp.) forest. The upstream site on the Warm Fork River is located ; 1 km downstream from a spring that leads to permanent stream flow. At this site, the water is clear (4-8 nephelometric turbidity unit (NTU)), cold (15-218C), and has a forested riparian zone ; 200 m wide surrounded by pastureland. In autumn 1998, the riparian forest community at this site was partially logged and stream canopy was reduced. The downstream site on the Warm Fork River is more turbid (14-32 NTU) and warmer (18-248C) than the upstream site and has a well-defined canopy cover. Both sites are ; 14 m wide and spring-fed, have a mean depth of 32.5 cm, and contain well-defined riffles and pools flowing over predominantly pebble (3-6 cm) and cobble (6-12 cm) substrates. Janes Creek (Randolph Co., Arkansas) has a watershed area of 255 km 2 . Both upstream and downstream sites drain primarily forested land interspersed with patches of pastureland. Although clear (6-10 NTU) and fed by spring seeps, Janes Creek is shallower (mean 22.2 cm), wider (; 18 m), contains less defined riffle-pool sequences, and has less canopy cover than the Warm Fork River. Water temperature at both sites showed greater mean and daily temperature fluctuations (21-338C) than the Warm Fork River sites. The streambed consists largely of fine and coarse gravel (0.1-3 cm) and pebble, and some cobble-boulder (6-12 cm) and bedrock.
Crayfish Collections
Crayfish habitat use was determined by quadrat sampling six habitat types (riffle, run, pool, stream margin, backwater, and vegetated habitats) during the summers of 1998 and 1999. Upstream and downstream study sites on the Warm Fork River were sampled 28 June-22 July 1998 and 24 June-14 July 1999, and on Janes Creek, 29 July-9 August 1998 and 22 July-5 August 1999. All samples were collected during daytime hours. At each site we delineated habitat types by qualitatively assessing water depth and stream flow based on the following criteria: riffles were fast flowing (. 35 cm/s) and shallower (, 30 cm) water with noticeable surface aeration; runs were fast to moderately flowing water (. 20 cm/s) with unbroken surface flow; pools were slow moving deeper water (. 45 cm); stream margins were shallow areas (typically , 35 cm deep) within 5 m of stream-side edges of pools and runs; backwaters were low flow coves removed from the main channel; and vegetated habitat contained ! 50% coverage of emergent vegetation, Justicia americana (Linnaeus (Vahl), 1791). No submerged vegetation was present at any study site.
Habitats were sampled using a 0.5 m 2 quadrat sampler based on the design of Rabeni (1985) . Quadrat sampling has been shown to be an effective method for assessing crayfish density across habitat types in streams (DiStefano et al., 2003b) . Usually, 20 replicate quadrat samples were collected from each habitat type and stream site. Exceptions occurred when insufficient habitat was available to collect 20 replicates. Sample locations within each habitat were randomly selected using a random number table. The sampler (sides ¼ 0.71 m 3 height ¼ 0.4 m), consisting of 3 frame-supported netted sides (3 mm mesh) and a funneled collecting net, was placed within the habitat with the funnel directed downstream. Netting on three sides, and below the funneled collecting net, extended 20 cm beyond the frame of the sampler and nearby rocks and substrate were placed on the netting around the sampler to create a sealed area and contain crayfish within the sampler. We then vigorously stirred the substrate within the sampler by hand, including lifting boulders and uprooting vegetation, until the substrate was thoroughly disturbed. Dislodged organisms were washed into the collecting net by regularly sweeping toward the collecting net and by stream current. The species, sex, carapace length (nearest 0.1 mm), and weight (nearest 0.1 g using a field balance) of all crayfish were recorded prior to releasing animals where they were collected.
Habitat Measurements
Prior to substrate disturbance within the sampler, habitat measurements were collected at the sample area. Bottom and mean (0.6 depth) current velocity 15 cm in front of the sampler were collected using a Marsh- gravel (0.1-3 cm), pebble (3-6 cm), cobble (6-12 cm), and boulder (. 12 cm) within the 0.5 m 2 sample area. In emergent vegetation, the percent area coverage of vegetation within the sampler was visually estimated. Samples collected within 1 m from the shore were noted and the relationship was examined in environmental analyses.
Habitat complexity is a description of the structure and diversity of a habitat. Because habitat complexity can be important in crayfish habitat selection (DiDonato and Lodge 1993, Jordan et al., 1996a) , we calculated substrate diversity for each quadrat sample using the Shannon-Wiener diversity index (Krebs, 1989) with each substrate type treated as a group. Diversity values obtained were included as a separate environmental variable in species-environment analyses. If crayfish select habitats, then we would expect them to show habitat use disproportionate to its availability. To determine crayfish habitat selection, we compared crayfish habitat use to habitat availability for each stream-site-year combination using a selectivity index (Manly et al., 1993) . A census of available habitats was conducted by measuring the length and width of each habitat at each sampling site. Proportion of available habitat was calculated by dividing the sum of each respective habitat by the total area of the site (sum of all habitats). The total area of a site consisted of the area of stream covered by quadrat sampling locations for each site during each year.
Data Analysis
Crayfish of each species were classified as either small ( 15.0 mm CL) or large (. 15.0 mm CL) and analyzed separately because ontogenetic niche shifts and predation risk are affected by crayfish size (Stein and Magnuson, 1976; Creed, 1994; Flinders, 2000; DiStefano et al., 2003a) . Size-frequency histograms of Spring River crayfish showed crayfish 15 mm CL were mainly age 0, but could also be age 1; whereas those . 15 mm CL were ! age 1. All examinations of crayfish habitat use and selection were done with sexes combined.
We used a 3-factor fixed effects ANOVA (species, habitat type, and year) with crayfish density as the response variable to determine if crayfish species were differentially using habitats (indicated by a significant species 3 habitat interaction) and if these patterns were consistent between years. Separate analyses were conducted for each size class, site, and stream. Orconectes ozarkae was not present at the upstream site on the Warm Fork River and was not included in analyses for that site. In Janes Creek, both Cambarus hubbsi (Creaser, 1931) and O. punctimanus were rare (, 1% of species collected) so only O. marchandi (Hobbs, 1968) and O. ozarkae densities were included in analyses at these sites. Significance was determined at P , 0.05 for all tests and SYSTAT 9.0 (SPSS Inc., 1998) was used for statistical analysis.
We examined crayfish habitat selection using the selection indexŵ i ¼ o i /p i , where o i is the proportion of the sample of used habitat units that are in category i and p i is the proportion of available habitat in category i. A standardized selection ratio was calculated using the formula, B i ¼ŵ i /(AEŵ i ), which is the probability that a category i habitat unit would be selected next if each were equally available (Manly et al., 1993) .
The relationship between crayfish species densities and measured physical environmental variables was determined using Redundancy Analyses (RDA) (CANOCO 4.0, Microcomputer Power, Ithaca, NY) for each site-year combination in the Warm Fork River and Janes Creek. Redundancy analysis represents the response patterns of a group of objects along one or more axes of reference based on known environmental gradients, and it is a useful tool for identifying relationships between community structure and measured environmental variables (Gauch, 1982) . Prior to species-environment RDAs, preliminary Principal Component Analyses (PCA) were conducted separately for each site-year combination using measured abiotic environmental variables as species variables to determine correlations among measured abiotic environmental variables. Percent silt and bottom current velocity were highly correlated with percent sand and mean current velocity, respectively, and therefore were excluded from analyses. Bedrock was also removed from analyses due to low abundance resulting in many zero values. Remaining environmental variables included in the analyses were percent boulder, cobble, pebble, gravel, and sand; substrate diversity; percent emergent vegetation; mean current velocity; stream depth; and proximity to shore.
Scaling of ordination scores was focused on interspecies correlations rather than inter-sample distances, which provided species-habitat relationships. Species scores were standardized which effectively prevents species with large variances from unduly influencing ordination diagrams (ter Braak and Smilauer, 1998) . Monte Carlo permutations testing the significance of canonical axes were performed for each RDA to determine the importance of the measured environmental variables. Additionally, forward selection of environmental variables and Monte Carlo permutations were used in the RDA analyses to determine the relative importance of environmental variables (ter Braak and Smilauer, 1998) . Common species in the study comprising less than 10% of crayfish abundance at a given site and time period were included in analyses but not shown in ordination figures. Rare species (i.e., less than 1% of crayfish collected) were not included in analyses. In all RDA analyses, species data was log 10 (x þ 0.1) transformed prior to analysis.
RESULTS
Four crayfish species were collected in the Warm Fork River and 6 crayfish species were collected in Janes Creek with 4 species common to both streams (Cambarus hubbsi, Orconectes marchandi, O. ozarkae, and O. punctimanus). However, there was substantial variation in relative species abundance within and between streams. Cambarus hubbsi and O. punctimanus were found in low numbers in Janes Creek, and O. ozarkae was found in low numbers at the upstream site in the Warm Fork River (Table 1) . Cambarus cf. diogenes (Girard, 1852) and Procambarus viaveridus (Faxon, 1914) were found only in Janes Creek, but were rare (, 1% of crayfish collected in Janes Creek), with less than ten specimens collected over the entire study period.
Crayfish Habitat Use
In our analyses, a significant habitat 3 species interaction indicated species-specific habitat use. In Janes Creek, small crayfish used available habitats differently at both upstream (F ¼ 11.79, P , 0.001) and downstream (F ¼ 14.87, P , 0.001) sites (Fig. 1) . Densities of small O. ozarkae were greatest in vegetated habitats, whereas densities of small O. marchandi were greatest in stream margins except upstream in 1999 where they were distributed among runs, stream margins, backwaters, and vegetated habitats. Habitat use patterns between crayfish species did not differ significantly between years at the upstream (year 3 habitat 3 species interaction F ¼ 1.55, P ¼ 0.174) or downstream (F ¼ 0.91, P ¼ 0.474) site.
In the Warm Fork River, habitat use by small crayfish was species-specific (P , 0.001) and inconsistent between years at the upstream (year 3 habitat 3 species interaction F ¼ 3.56, P , 0.001) and downstream (F ¼ 1.85, P ¼ 0.0251) sites. Densities of small O. ozarkae and O. punctimanus were greatest in vegetated habitats, with the exception of high and variable O. punctimanus densities in backwater habitats at the upstream site in 1999 (Fig. 2) . Small O. marchandi were found in highest densities in margins at the upstream site, but were distributed across vegetated, margin, and backwater habitats at the downstream site. Densities of small C. hubbsi were greatest in riffle habitats downstream and in riffle and run habitats upstream.
Habitat use by large crayfish species in Janes Creek differed with species (1998 F ¼ 3.38, P ¼ 0.006; 1999 F ¼ 10.19, P , 0.001) and varied between years (F ¼ 3.64, P ¼ 0.003) at the upstream site. At the downstream site, habitat use also differed between species (F ¼ 11.44, P , 0.001) but was consistent between years (F ¼ 0.09, P ¼ 0.994) (Fig. 3) . Densities of large O. ozarkae were greatest in vegetated habitats regardless of site or year. At the upstream site, large O. marchandi were low in all habitats in 1998, but were greatest in pools in 1999. At the downstream site, large O. marchandi were distributed across margins, riffles, and runs in 1998, and greatest in margins in 1999.
Species-specific habitat use (F ¼ 27.24, P , 0.001) of large crayfish in the Warm Fork River was consistent between years (F ¼ 1.15, P ¼ 0.326) at the upstream site (Fig. 4) . Densities of O. marchandi, O. punctimanus, and C. hubbsi were greatest in pools, vegetated habitats, and riffles and runs, respectively. Large crayfish at the downstream site showed between-year differences (F ¼ 1.68, P ¼ 0.051) in species-specific habitat use (1998 F ¼ 5.05, P , 0.001; 1999 F ¼ 10.19, P , 0.001) with the greatest densities of large O. marchandi seen in backwater and margin habitats, and densities of C. hubbsi greatest in riffle habitats. Orconectes punctimanus densities were greatest in vegetated habitats in 1999, whereas O. ozarkae densities were uniformly low in both years.
Crayfish Habitat Selection
There was little temporal variation in the relative abundance of habitats at all sites with the exception of the downstream site on the Warm Fork River, which had less pool and riffle, and more run habitats in 1999 than in 1998 (Fig. 5) . At all sites, backwater habitats were relatively rare, making up , 3% of total available habitat during both years. Availability of vegetated habitats and stream margins was also low, making up 2.5-10% and 3.2-12% of available habitat, respectively. Pool and run had the greatest habitat availabilities in both streams with Janes Creek sites having a greater percentage of pool and lower percentage of run habitats than the Warm Fork River.
The selection of habitats by small and large crayfish differed with species and size class in Janes Creek (Table 2) . Small O. marchandi selected backwater and margin habitats at both sites during both years. Orconectes ozarkae selected backwater, margin, and vegetated habitats at both sites during both years, with the exception of downstream in 1999 where vegetated habitats were primarily selected. Large O. marchandi in Janes Creek chose riffle and margin habitats at the downstream site, but selected backwaters at the upstream site in 1998 and riffle, run, and margin in 1999. Orconectes ozarkae selected backwaters at the upstream site and vegetated and riffle habitats at the downstream site in both years.
Habitat selection patterns differed with size and species in the Warm Fork River (Table 3) . Small O. punctimanus and O. ozarkae selected vegetated habitats at the downstream site, and O. punctimanus selected backwater habitats at the upstream site. In both years, O. marchandi favored backwater habitats upstream and backwater, vegetated and margin habitats downstream. Small C. hubbsi selected riffle habitats downstream and multiple habitats upstream. Large Orconectes species chose backwaters in all site-year combinations, with the exception of O. marchandi which selected vegetated and margin habitats at the upstream site in 1999 and O. punctimanus which selected vegetated habitats at the downstream site in 1999. Large C. hubbsi selected riffle habitats at all site-year combinations as well as backwater habitats at the upstream site in 1998, and run and vegetated habitats at the upstream site in 1999.
Crayfish-Environmental Relationships Redundancy analyses showed a significant relationship between physical environmental variables and crayfish densities at both sites on each of the two streams in both years (Table 4 ). The importance of environmental variables was less consistent between sites and years in Janes Creek ( Table 5 , Fig. 6 ). For all site-year combinations, large O. ozarkae were significantly and positively associated with percent emergent vegetation, whereas small O. ozarkae were strongly negatively associated with water depth. Both size classes of O. marchandi were positively associated with substrate diversity, with small O. marchandi more negatively associated with water depth and current velocity than their larger counterparts. Most crayfish species-size classes were negatively or neutrally associated with water depth and current velocity.
In the Warm Fork River, percent emergent vegetation and current velocity were important variables related to crayfish habitat use at both sites and during both years (Table 6) . Stream depth was significantly related to crayfish density at most site-year combinations, with most crayfish negatively or neutrally associated with water depth. Exceptions were large O. marchandi at the upstream site in both years and C. hubbsi at the downstream site in 1998, which were positively associated with depth (Fig. 7) . Small Orconectes species were positively associated with percent emergent vegetation and proximity to shore, and negatively associated 
DISCUSSION Habitat Use and Selection
Determining species-habitat selection is of particular interest in understanding relationships among co-existing species. In our study, crayfish species-size classes exhibited nonrandom habitat use with some consistent patterns of habitat selection across streams, sites, and years. Both size classes of Cambarus hubbsi chose the faster flowing water of riffles and runs. Habitat selection by Orconectes species was less defined with small size classes favoring the shallower, slower velocity backwater, margin, and vegetated habitats. Habitat selection by larger Orconectes was more variable, but all selected backwater, vegetation and/or margin habitats, even though these habitat types made up a very small proportion (; 15%) of the available habitat.
Evidence of crayfish habitat partitioning has been seen in other studies (but see Flinders and Magoulick, 2003 and Rablais and Magoulick, 2006 for contrast). In two Missouri Ozark streams, O. punctimanus and O. luteus showed differential habitat use with respect to species and size class (Rabeni, 1985) . YOY O. punctimanus were strongly associated with percent macrophyte cover and shallow water with both life stages showing a preference for slow current velocities. Orconectes luteus, on the other hand, were more evenly distributed across habitats with YOY showing no habitat selection and adults associated with increased current velocity. Gore and Bryant (1990) found that O. neglectus also showed size-dependent habitat use with YOY individuals using high velocity habitats and adult density greatest in low velocity, submerged macrophyte beds. In a New Zealand stream, Usio and Townsend (2000) found that YOY Paranephrops zealandicus (White, 1847) were positively associated with large substrate sizes, whereas adults were negatively associated with current velocity and positively with depth, leaf cover, and percent sand. Both size classes were positively associated with wood cover. In a study similar to our own, DiStefano et al. (2003a) found species-and size-dependent habitat use by crayfish in two Missouri streams. Although there was overlap in species distributions, there were distinct patterns of habitat use in species collected with O. ozarkae most associated with pools, backwaters, and emergent vegetation patches, O. punctimanus were largely restricted to emergent vegetation and backwater habitats, and O. luteus showing no strong selection of any habitat.
Environmental Variables and Crayfish Habitat Selection
We found that percent vegetation and depth were among the most important environmental factors in explaining crayfish densities, especially for small individuals. Similar results have been documented in other studies (Rabeni, 1985; Jordan et al., 1996a; DiStefano, 2003a ; but see Gore and Bryant, 1990; Kershner and Lodge, 1995 for contrast) although the mechanisms governing the selection of these habitats are unclear. It is likely that shallow habitats and vegetated areas provide essential resources for smaller crayfish such as food and shelter from predators. Small crayfish consume invertebrates, especially chironomids, which are often associated with detritus that settles in Table 4 . Results of RDA analyses by site and year for the Warm Fork River and Janes Creek relating environmental variables (percent boulder, cobble, pebble, gravel, and sand; substrate diversity; percent emergent vegetation; mean current velocity; stream depth; and proximity to shore) to crayfish species-size class densities (log 10 þ 0.1 transformed). Table 5 . Relative importance of physical habitat variables in ordinating crayfish species-size class densities (log 10 x þ 0.1) in Janes Creek by site and year. Habitat variables were ranked using RDA and forward selection. shallow and vegetated areas (Boesch and Turner, 1984; Hanson et al., 1990; Hill et al., 1993; Momot, 1995; Merritt and Cummins, 1996; Whitledge and Rabeni, 1997) . Additionally, crayfish have been shown to be significant predators of macrophytes themselves (Lodge and Lorman, 1987; Hanson and Chambers, 1995; Lodge et al., 1994) although some macrophyte removal may be indirect consumption while consuming epiphytic algae and macroinvertebrates (Hanson and Chambers, 1995) . Crayfish may be selecting shallow and vegetated habitats because of the increased availability of high quality food resources. However, few researchers have examined the importance of these habitats as high food areas for lotic crayfish. Studies examining crayfish habitat selection have implicated reduced predation risk for the selection of shallower and more complex habitats such as vegetated areas. Blake and Hart (1993) showed that crayfish density was higher in shallow water habitats but suggested that substrate complexity also played a role in determining habitat selection. Jordan et al. (1996a) found that densities of the crayfish Procambarus alleni (Faxon, 1884) increased with increasing plant density. In an experiment examining the role of predation in driving the observed habitat selection, Jordan et al. (1996b) found that crayfish survival was significantly higher in treatments with high plant density (high complexity) than in low plant density (intermediate complexity) and open sand (low complexity) treatments. Others have found that crayfish shift to shallow water habitats in the presence of large predatory fish, (Mather and Stein, 1993; Englund and Krupa, 2000) , predation rates on crayfish are greater in deeper habitats (Dukat and Magoulick, 1999) , and crayfish show increased survival rates with increasing habitat complexity in the form of emergent vegetation (Jordan et al., 1996b) and root wads (Smith et al., 1996) . Centrarchids, e.g., Ambloplites rupestris (Rafinesque, 1817), Lepomis spp., Micropterus dolomieu (Lacepede, 1802), that are common in both the Warm Fork River and Janes Creek (C. Flinders, personal observation), are known to be major predators of crayfish in Ozark streams (Probst et al., 1984; Rabeni, 1992; Whitledge and Rabeni, 1997) . Because smaller crayfish are more susceptible to predation by fish than large crayfish (Stein and Magnuson, 1976; Stein, 1977; Garvey et al., 1994) , and larger, predatory fish tend to occur in deeper water (Power, 1987) it is likely that crayfish select shallower (margin and backwater) and more complex (vegetated) habitats, in part, to reduce predation risk.
Current velocity was also a significant variable in determining crayfish density in our study. Most species showed negative associations with current velocity during most site-year combinations, with the exception being C. hubbsi. These results are similar to those of other researchers. Maude and Williams (1983) examined the relative station-holding abilities of six Orconectes species and two Cambarus species exposed to a range of current velocities in a laboratory stream tank. They showed that crayfish were dislodged from substrates at current velocities ranging between 26 and 50 cm s À1 and that C. robustus (Girard, 1852) and C. bartonii (Fabiricius, 1798) were better able to withstand increased current velocities than most Orconectes species tested. Hart (1992) observed that high current velocity dislodged the crayfish, O. propinquus, from streambeds and suggested that at increased current speeds, crayfish foraging activity was constrained. In the present study, Orconectes species selected habitats with reduced flow, which likely reduces the rate of accidental drift, and may increase foraging efficiency and reduce predation risk. Cambarus hubbsi, which dominated riffle areas consisting of faster flowing water, may be able to withstand higher current velocities than Orconectes species and thus take advantage of a habitat under-utilized by other crayfish species.
The use of complex and larger substrate by crayfish is well documented (see Lodge and Hill, 1994 , for review). However, substrate and substrate diversity were not dominant or consistent factors in explaining crayfish species distribution and abundance in our study. This may be due to the relative level of complexity of the habitats examined. Crayfish typically use complex habitats such as larger substrates, vegetation, and organic debris as shelter (Berrill, 1978; Mitchell and Smock, 1991; Garvey et al., 1994; Jordan et al., 1996a, b; Usio and Townsend, 2000; DiStefano et al., 2003a) and, in most cases, in conjunction with shallow water. In our study, percent vegetation and depth were among the most important factors predicting crayfish abundance and, at all sites, vegetated habitats in the Warm Fork and Janes Creek were along stream margins and shallow compared to pools and runs. The level of Table 6 . Relative importance of physical habitat variables in ordinating crayfish species-size class densities (log 10 x þ 0.1) in the Warm Fork River by site and year. Habitat variables were ranked using RDA and forward selection. complexity in vegetated habitats in terms of depth and shelter may be greater than that offered by larger and diverse substrates, thus rendering substrate of lesser importance than vegetation and depth.
Spatial and Temporal Variation
Despite differences in species composition between streams and between sites on the Warm Fork River, habitat selection varied surprisingly little spatially and temporally for many species-size classes. For example, small O. ozarkae and O. punctimanus selected backwater and vegetated habitats and C. hubbsi selected riffle habitats regardless of stream and site. Observed spatial variation is likely a function of differences in abiotic and biotic factors associated with each site. Janes Creek was wider, shallower, and warmer than the Warm Fork River. In addition, Janes Creek contained a greater density of centrarchid fishes (C. Flinders, personal observation) and only two common crayfish species, whereas the Warm Fork River had fewer centrarchid fishes and four common crayfish species. Because the impetus of most temporal studies is to document population changes resulting from a biological species invasion (Lodge et al., 1986; Daniels, 1998) or catastrophic abiotic disturbance (Taylor, 1983 (Taylor, , 1988 Davies, 1989; France and Collins, 1993) , temporal variation in crayfish communities is not well known. Gore and Bryant (1990) found that temporal variation in habitat use by the crayfish O. neglectus (Williams, 1952) over 1.5 years was a function of crayfish size and, during a two-month eggbearing period, of sex. However, their system of study was limited to one dominant species and one stream, so differences in community structure and streams were not examined. In the most comprehensive study of temporal variation in crayfish macrohabitat partitioning, DiStefano et al., (2003a) compared crayfish habitat use over 5 years in two streams. They found that temporal variation was less than spatial variation with O. luteus showing consistent patterns of habitat use among seasons, whereas O. punctimanus showed greater seasonal differences in habitat use. We also found that spatial variation exceeded temporal variation in crayfish habitat use with patterns of crayfish habitat selection and species-environment relationships generally consistent between years. Our study shows that although changes in the relative importance of habitats and some abiotic variables occurred, trends in habitat use and selection remained relatively consistent among crayfish species-size classes.
Our study shows that crayfish species in the Warm Fork River and Janes Creek select habitats in a species-and sizedependent fashion. Backwater, stream margin, and vegetated habitats can contain extremely high densities of crayfish and may act as important habitats and possible refugia for crayfish, especially smaller individuals, even though these habitat types make up a very small proportion of the available habitat. Further studies are needed to elucidate mechanisms driving crayfish habitat selection. We suggest future studies broaden their examination of habitat types to include habitat classifications other than the typical riffle, run, and pool as these may be important to crayfish community structure, and have important management and conservation implications.
